A diverse suite of Archaean gneisses at Huangbaiyu village in the North China Craton, includes rare fuchsitebearing (Cr-muscovite) siliceous rocks -known as the Caozhuang quartzite. The Caozhuang quartzite is strongly deformed and locally mylonitic, with silica penetration and pegmatite veining common. It contains abundant 3880-3600 Ma and some Palaeoarchaean zircons. Because of its siliceous nature, the presence of fuchsite and its complex zircon age distribution, it has until now been accepted as a (mature) quartzite. However, the Caozhuang quartzite sample studied here is feldspathic. The shape and cathodoluminescence petrography of the Caozhuang quartzite zircons show they resemble those found in immature detrital sedimentary rocks of local provenance or in Eoarchaean polyphase orthogneisses, and not those in mature quartzites. The Caozhuang quartzite intra-zircon mineral inclusions are dominated by quartz, with lesser biotite, apatite (7%) and alkali-feldspar, and most inclusions are morphologically simple. A Neoarchaean orthogneiss from near Huangbaiyu displays morphologically simple inclusions with much more apatite (73%), as is typical for fresh calc-alkaline granitoids elsewhere. Zircons were also examined from a mature conglomerate quartzite clast and an immature feldspathic sandstone of the overlying weakly metamorphosed Mesoproterozoic Changcheng System. These zircons have oscillatory zoning, showing they were sourced from igneous rocks. The quartzite clast zircons contain only rare apatite inclusions (
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These zircons have oscillatory zoning, showing they were sourced from igneous rocks. The 34 quartzite clast zircons contain only rare apatite inclusions (<1%), with domains with apatite 35 habit now occupied by intergrowths of muscovite + quartz ± Fe-oxides ± baddeleyite. We 36 interpret that these were once voids after apatite inclusions that had dissolved during 37 Mesoproterozoic weathering, which were then filled with clays ± silica and then weakly 38 metamorphosed. Zircons in the immature feldspathic sandstone show a greater amount of 39 preserved apatite (11%), but with petrographic evidence of replacement of other apatites by 40 quartz and mica. From the zircon morphology and inclusions studies, our studied Caozhuang 41 quartzite is most likely a <3500 Ma immature detrital sedimentary rock of local provenance. 42
This strengthens the case for Eoarchaean rocks with a substantial 3880-3800 Ma component 43 occur close to Huangbaiyu. 44
Introduction 49
The world's oldest rocks (>3600 Ma) are all in gneiss complexes, where their protoliths 50 have been modified usually to a great degree by superimposed ductile deformation and high-51 grade metamorphism (e.g., Nutman, 2006; Nutman et al., 2007; Horie et al., 2010 ). These 52 ancient crustal remnants are mostly quartzo-feldspathic gneisses, ranging in composition 53 from tonalite (dominant) to granite. They are important resources to understand the earliest 54 terrestrial processes, before Earth was 1 billion years old. Due to their generally highly 55 modified state, early Earth information via these rocks is extracted by sophisticated, small-56 carries an inventory of ancient zircons, with ages ranging from ~3550 to 3880 Ma (Liu et presented an explanation for low apatite abundance in some zircon populations. In their 94 study they compared and contrasted inclusion suites in several Archaean granitoids and 95 orthogneisses, a non-metamorphosed Carboniferous sandstone and the Jack Hills of Western 96
Australia metamorphosed quartzite. In the Carboniferous sandstone they recorded that most 97 apatite inclusions in zircons of igneous origin had been removed by dissolution -along 98 microfractures, to leave voids that became filled with mixtures of very fine grained clay 99 minerals ± silica (Fig. 2) . Upon metamorphism, as experienced by the Jack Hills detrital 100 zircons, these infills were recrystallized to give inclusions suggestive to growth of the 101 zircons from very low temperature 'S-type' melts derived from melting of sedimentary 102 sources (Fig. 2) . In fact, as pointed out by Rasmussen et al. (2011) this is an illusion, caused 103 by the modification of the detrital zircon suite in surficial environments. Thus low 104 abundance of apatite inclusions in zircons plus an increase of polymineralic inclusions 105 unlikely to have developed from silicate melts (e.g. such as baddeleyite + muscovite as 106 found in some of the zircons forming part of our study) can be used as an indicator that 107 zircons have passed through a cycle of weathering and sedimentary transport. 108
Based on our data and the methodology of Rasmussen et al. (2011) we contend that the 109 best interpretation of the studied Caozhuang quartzite sample (J06/01) is that its protolith 110 was an immature (feldspathic) Archaean sedimentary rock derived from local ancient rocks. 111
This interpretation strengthens the case that in the Huangbaiyu area there is ancient crust that 112 contains a substantial ≥3850 Ma component, and as such would be the oldest in China. Also 113 explored is a less favoured interpretation that the sample of the quartzite is actually a >3500 
Regional setting 119
In eastern Hebei Province, east of Beijing (Fig. 1) 
Geological description, composition and petrography 178
Sample J06/10 is from a ~1m wide kernel of non-retrogressed granitic granulite facies 179 orthogneiss ( Fig. 3A; alkali-feldspar ± illite (9%), Fe-oxides (6%), biotite (1%) and then all at <1% Fe-Ti 233 oxides, baddeleyite, albite and apatite (Fig. 5B) . Thus modally this mineral inclusion 234 suite is very different from that encountered in nearby Neoarchaean orthogneiss 235 J06/10, with most striking being the apatite abundance (<1% versus 73%). Only a 236 few of the inclusions are mono-mineralic, and where they occur they are mostly 237
quartz. There are a few other instances of mono-mineralic inclusions, for example 238 very rare apatite (Fig. 7E) or alkali-feldspar (Fig. 7D) . Instead, most inclusions are 239 poly-mineralic. Some consist of quartz + biotite ± Fe-Ti oxides (Fig. 7C) . However, 240 many of the poly-mineralic inclusions have an apatite habit (e.g., Fig. 7A ; consisting 241 of muscovite and/or illite + quartz), suggesting that apatite has been replaced by the 242 poly-mineralic silicate assemblages. In some cases acicular baddeleyite occurs on the 243 edge of the inclusions (Fig. 7B) . This petrographic evidence is consistent with 244 dissolution of apatite (via surficial waters along microfractures; Rasmussen et al., 245 2011) and then infill by other mineral phases followed by low grade metamorphism. 246
The J06/06 feldspathic sandstone zircons are only slightly rounded and CL 247 images show that their internal structures such as igneous oscillatory zoning is 248 generally more or less parallel to the grain exteriors (Fig. 6B) . The much lesserquartzite zircons limited sedimentary transport and abrasion. The most important 251 inclusion phases are quartz (33%), muscovite and/or illite (40%), alkali-feldspar ± 252 illite (16%), apatite (11%) and biotite (<1%; Fig. 5C ). There is much more apatite 253 preserved in the zircons of this less mature sedimentary rock than in mature quartzite 254 clast J06/09 ( Fig. 8A; 11% versus <1% ), but it is still considerably less than the 73% 255 in fresh orthogneiss J06/10 zircons, or as found in other Archaean granitoids 256 (Rasmussen et al., 2011 ). There are bi-mineralic inclusions of quartz + muscovite 257 with the habit of apatite (Fig. 8B) , which might be occupying voids once filled by 258 apatite. Other mono-mineralic inclusions are quartz, alkali feldspar (Fig. 8C) and rare 259 biotite. Some irregular-shaped inclusions consist of quartz + muscovite and/or altered 260 alkali feldspar (Fig. 8D ) and could represent altered melt inclusions. 261 262
Caozhuang quartzite 263

Geological description, composition and petrography 264
The Caozhuang quartzite crops out near Huangbaiyu village (Fig. 1) . It contains some 265 fuchsitic mica, but ordinary muscovite is more common. Although portions of the 266 Caozhuang quartzite are very quartz rich, the sample J06/01 investigated here is quartzo-267 feldspathic, rather than being a pure quartzite. In thin section plagioclase grains occur as 268 porphyroclasts, partly altered to epidote, white mica and quartz, residing in a layered 269 granular matrix in which quartz commonly forms ribbons (Fig. 3C) . Within the J06/01 270 Caozhuang quartzite are lenses and veins of course-grained pegmatite, and also pods of 271 altered (mica-bearing) amphibolite. These can also carry fuchsitic mica. Clearly, the protolith 272 of the Caozhuang quartzite was not a homogeneous mature quartzite, but instead contains 273 layers of quartzo-feldspathic rock, for which an arkosic sedimentary or an orthogneiss 274 protolith are feasible. 275 276
Zircon morphology and age 277
Sample J06/01 (39°56.007'N; 118°33.499'E) yielded abundant zircons, of overall 278 slightly rounded euhedral prismatic habit (Fig. 6C) . Igneous oscillatory zoning is 279 widespread. In most grains with high contrast in CL images, this layering is widely disrupted 280
by recrystallisation domains and can be truncated near grain margins by domains that appear 281 brighter and less structured in CL. However, in most cases the oscillatory zoning is broadly 
Zircon inclusion suites 296
The zircon inclusion suite in J06/01 is quartz 59%, biotite 10%, alkali feldspar 12%, 297 apatite 7%, muscovite and/or chlorite 4%, monazite 2% and other accessory minerals 298 including baddeleyite totalling 6% (Fig. 5D ). There is a greater occurrence of inclusions in 299 the stubby prismatic grains with dull oscillatory zoning which where dated belong to the 300 ~3550 Ma population. These include monazite (monaz) and baddeleyite (Fig. 9A) ; these 301 phases are not found in grains that appear bright in CL, of the type that have yielded >3600 302 Ma ages. There are some apatite inclusions (e.g., Fig. 9B ), but these are much less abundant 303 than the >50% proportion found in unaltered calc-alkaline granitoid igneous zircons 304 (Fig. 9E) . 307 308 7. Discussion 309
Comparison of the zircon inclusion suites in the four samples 310
In samples J06/01 and J06/10 where there is SHRIMP U-Pb dating (Nutman et al., 311 2011), there is little congruence between dated grains and those with mineral inclusions. 312
The reason for this is that the presence of inclusions can often promote recrystallisation of 313 the zircon in their hinterland, and hence such grains are rarely selected for U-Pb dating. with evidence of some replacement of apatite by silicates. As such, the Caozhuang quartzite 323 sample J06/01 cannot be regarded as either a mature sedimentary quartzite, whose detritus 324 had a protracted residence/recycling in the surficial environment, nor can it be regarded as a 325 completely fresh, unaltered orthogneiss. 326 327
Protolith of the Caozhuang quartzite J06/01 328
The field characteristics, petrography (Fig. 3C) and particularly the zircon studies 329 (Figs. 4-9 ) presented here show that the protolith of the Caozhuang quartzite sample J06/01 330 was not a mature sedimentary quartzite. If it were a mature quartzite, then the zircons would 331 be more abraded/rounded, the abundance of apatite inclusions within them would be <1%, 332 and the rock would be devoid of feldspar. On the other hand, because it contains <10% 333 apatite inclusions, it is unlikely to be an entirely fresh/unaltered orthogneiss. Instead two 334 options remain. First, it is an extant early Archaean orthogneiss migmatite with 3550-3880 335
Ma crustal components, which was affected by Precambrian surficial alteration processes, 336 such that some apatite was leached out of the zircons, and then the rock was subsequently 337 metamorphosed. The second option is that its protolith was a feldspathic, immature, detrital 338 sedimentary rock, where residence time of the detritus in the surficial environment was 339 short, such that feldspar is preserved in the rock and also not all apatite was leached out of 340 the zircons. This latter explanation would probably require that the protolith sedimentary 341 and there was ~2500 Ma granulite facies metamorphism ( Fig. 1; Nutman et al., 2011) . 
Implications for identifying the protoliths in other Precambrian gneiss complexes 372
For the past 4 decades, there has been a working assumption that quartzo-feldspathic 373 rocks in gneiss complexes overwhelming have plutonic igneous protoliths. This is probably 374 generally true, as shown by structural studies where low strain domains with relict igneous 375 features are located in general 'seas' of banded gneisses where ductile deformation has 376 destroyed all protolith structures (e.g., McGregor, 1973; Nutman et al., 2000) . However, this 377 case study of the Caozhuang quartzite zircons shows that intra-zircon techniques can be used 378 to distinguish between possible protoliths of strongly deformed quartzo-feldspathic gneisses 379 as being fresh plutonic rocks, surficially-altered plutonic or volcanic rocks, immature or 
